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with existing conceptione ("conceptual gapturé").

Summary

procese occurs depends on thé relative status o

" new conceptione, vhere _the status of ghe conc
or not it is intelligible,
The model is applied t

jl.nu-ible or fruifful.

-

“ /

. /
A model of conceptual change is preoentcd which iqd’ludeo both
the rcpl.colant of an-existing chc-ptién by & new co cytion

N
(“conceptual, nchaﬁc") and the incorporuion of a

v concept ion
which nltern:t ive

the existing and the

three {ntervidws which were held with a

tion depends on whether N

graduate tut® iy freghmen physics. The/first interview vas used to -

determine what metaphysical commitment

he held in raelation to lp.cial

relativity theory and showed the significant role his commitments plnyed

’,
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1.0 THS THEORETICAL BASIS’
The nlumptiox{ tl:ut a p.roon'? existing kﬁouledge plays a crucial rol.\
dd'temining how he or she reacts to,any intellectual task underlies a rapidly
;rovins body of research into areas l\{gh as reading cowreh.nlwq. question
ansvering, the learning of new material and problem solving. Th-i[ assymption
forms the basis of the work reported in this study - an inv.ltig.nt'ion\f the

problem of understanding the conceptual change of a person lesrning a complex

abstract subject matter. . " ! .

Thia problem has been discussed by Poln.l’_\,_t. al. (1979) (hereinafter referred

to as PSHG). They noted that recent work «in the hiltor} and philosophy of science

‘had suggested that two phases of conceptual change in a’'scientjfic discipline

could Be diatinguilhed. In the first ph-ll. there are a set of ,:antr‘l

K ’

comuitments vhich organize the advancement og knowledge in the discipline by

defining problems, suggesting strategies for solving them, and epecifying what
9

Xuhn (1970) refers to these cential

: . 3 4
commitmants as 'paradigms’,and research divected by thu.ﬁndip "norslal
( J

count as satisfactory explanations.

6lcionco'. Lakatos (1970) refrs to them as a scientiet's 'theoretical hard

core’ whict; then generates a research program deeigned both td apply it (the

Kl

¥,

. A
in leading to the c&ncoptunl captury’ of counter intuitive aspects of the hard core) to new experience and defend it f ttack. _In the eecond phase ¢
Q theory. The gecond- intorvi.w was (ised to show the stability of his - i N
. ) ) N . * the central commitments themselves ere under attack and in order for 511; disciplineq
\9 commitments four mowths later and to pregsent tha metaphysics underlying ) . Fy
N m the theory gn comparison aml coitrast with his own. The third ivterview. to prodeed they must be modified or eventyeplated: FKuhn refers to thi- phnu
Q “ten days later, repeated partf of Rhe Airse integview and showed that , as ‘'revolutionary science', during which e new paradigm is acquived. !‘dr
aignificant chenges in his ghtephysical commitments had occurred. ) :
Q ’ ’ . Lakatos this is a changa of research program. ’ o
. \ ke 7 : * By draving analogies between coficeptual chnngc in -éicntific disciplines
S ) ‘! - and the learning of jonc. by individuals PSHG lellOp.d a wmodel of \:oncoptua]
- - ' b itments. °
'\ b Presented at the a ‘T ting of the Amarican Educational ) _ | n-chgngo the process whereby a person ro'plicu his o‘ her central co- m s
Reseerch Associatjon.” Aoyl 1980. ' : " They pointed out that ‘some of the most important of these central commitmants
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‘ . The stud reported in this paper arose out of the wor‘l of PSHG. or another, with a conception C; which might be an alternative theory about
\ -
The purposes of this paper gre to -~ the same set of phenomena. The person is then faced with a decision about Cs.
Y I3 ’ " ' ’
. . Th tions limited : C; could be rejected {either outright ntil fugther
(i) extend PSHG"s model of conceptual exchange to include other - e op are ¢ :2, ould J te utright or u “7‘
) ¢ investigation suggests pthmrwise), or it ld be incorporated into C¢. Th A
. aspects of‘conceptual change; i 8 . 88 p,hn ), cou neorp ere are
) : . . : three possibilities fgx- lncOtporati.on: C2 could be rotely memor‘zed vhh no

(ii) elaborete on the role played by a person's metaphysical .
P attempt to ttconcl}g it vith ¢; it could replece C; and be teconclled with’

. comitments both in understanding counterintuitive material i
(4 the remainder o/,C. and {t could be reconciled ¥ith both C and C. Of ‘these
° and in governing conceptual chenge; )
. - N nd three lncorpo tion polubilltiu I shall not be conlld.ging rote memorizetion
(1i1) setudy the effectiveness of instruction explicitly related to e . < y - .
. - : since in t context of this peper it is of very liulted interest. \ I shall
person's metaphysicel commitments in bringing about significant T -' ) -
- call thc process in which C; is replaced by C; conceptual .xchlt}l_._, end the
R changes in those commitments; end .
* .proc’n in which C; is incotpotat.d)by ‘reconciliation c‘nce}tuol cepture. A
. n t
' (iv) epply the model of conceptuel change to these commitment ) mo/{;s precise weening will bé' given to these terms by the later discuesion.
changes. . . ' I /{/ There could be considerable differeaces between different examples of
) . . i/
4 .
’ . ) ' ,/ conceptual exchange or of conceptuel cspture. Onh one hand the belief that
1.1 Pf.liﬁer\CO—‘n“ ' ’ > : /f/ there ere np elephants in.the city z00 would be changed without any fuss upon
- o . ) . LA * ’ . * : :
:rhsr. ere of course, different weys in which e person's conceptions could /,f_ the errivel of two elephents from slsewhers. On the other hand, the change
- ; . . . -
chenge. There could be the introduction of new conceptions t;hroush development . / from e belief in a 3coc.cntric to e heliocentric soler system, while still being
by the person concerned, through further experience, t:lroﬂth contact with ),/"' en example of e conceptual exchangs, vould hevevan effect far vidnt tlun that
~ . L K . .
other pecple, etc. There cc_mld‘.bo reorganizetion of existing conc.ptionl.‘ A caused by the errivel of two elephants fgf&: the gerson concerned it held e
. - . f / .
triggersd both externally by some new ides, etc or internally as the result of ) _,’/ > position es centrel, es important es it did for Copernicue and Galileo. PSHG
. b i
¢ . * . 7 . EN
some process ‘of thoulht._ There could be the rejection of some existing '; cho(;uto focus’ on such large scale conceptusl exchanges, and prasented e’model
_conception perhaps es e result of Q‘\Jonc.pl_:uol reorganisatidn, perheps because : of conceptual exchange! which was the starting PA“Q for the work reported in
of displecemant by sowe new conc‘s;,lonl. Obv'iomly these weys are not . /,/‘ . this paper. _ . \
indi_pcndov:, with one giving rise to another in complex and gver changing @ v 3 ’ . "
] B ) . . .- ' .
* patterns. Since thie paper is coficerned with the problems of deeling with new - 1.2 PSAG's Model of Cogcaptus! Exchange . % . C - \
theoriee, I shell take this es wmy starting point: and discuss reorgenisstion C - The model presented bysPSHG considers the case of a p.orlln whose existing
g L4 ) ) > . a
v ' . - » i
end rejection es they arise. - ' , cOnceptions, C;, ere challenged by a new conception, C,. - Before C; can
N + Consider, therefore, a person with existing conceptions C which include . _ be replaced by C;, it is necessary that fbur conditions be setisfied: (the"
one p’rticulor &°“!‘Pu°“ Ci. For axample, C; might be a theory abouy a latters in parenthesis serve to identify conditions es they ere used latér).
. . \ . '
particuler set of naturel phenomsna. .This person is then feced, in #ome way i - ) - - :

. v . ‘ v
’ : ! . . - .
: ot J“ﬁ .- - I .- - 4 . . .
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(i). There must*be some dissatisfaction with C; @).x A person vith existing

conceptions C; is not going toy exchange them for C; without good resson to be
dissatisfied v;th Cy. Dillnti;flction can occur it.l two poluuible. wvays. .Firstly,

it occurs when it becomes clear that C; is unable to be reconciled with new
knowledge and new experiences vhich cannot be ignored. In other _words chcaptual‘
captur;! cannot occur, thg new ideas are said to be anomaloue, and the person
hol'ding_ C, is sald to'experience an nnoﬁuly i.€. he. or she is unable to make sense
of what is new. Secompdly, di-lnti;fnction can occur within Cy itself, if it i‘-

seen to violate some epistemological ltmdard.[ such as appearing inelegant or

clumsy, or contninfng gd hoc assumptions, or being unnecessarily complicated.

.
€

(ii) The new conception, C;, must be intelligible (I): A person who is

faced with a new conception, will not be able to incorporate it rationally into

his or her oxil_ting'conc'eption-' if he or she .cnnnot make sense of it. The

only way in which it could be incorporated thus is by rote memoriszation. In )
order to find C; intelligible, the per-on concerned has to be able to identify
or construct a coherent roprquntntion of C;. This would a.l;o require that the
person be nbi_. to ses that C; ves internslly co{uht.nt, although it would not
nocd--lrily\b“ eeen to b._-(:ono‘tont with othar knowledge. Thus it ie

poeeible for the pereon to sey that C; wae h\t‘ll,igible but thet he or she-

did not believe in it. One can appreciate Tolkein without b.liwing in hie

- ry “

world. .

LY - °

- (iii) The new com:ogt:fornrlcml mist be initially plnuoﬂ)lo (P): A pereon .

who ie faced with & new conception which ie to be rationally incorporated into
hie or her exieting concoptic:no must be nbllo to ees that a world in which C;
ie true is reconc lfbl. with hie br her own conception of the world. Such

a conception would jposeese initial plausibility. It wouldsbe consietent with
the pereon’e other knovlod;o. ae well as being internally consietent. Thue
the plnmibillty of Cy ptoayoto thng{it ie intelligible - ons cannot oay

t_lut it ie true without being able to understand it. - But lf intelligibility

~d

is necessary for playsibility, it is not sufficient - there fa also the need
I‘ N
for C; to be true. . .

- -

) .

(iv) ;l’he new conception, C;, wust be fruitful (F): A person who is faced
' k)

with a new conception is not going to incorporate it without good reason
purr‘ticularly if it is at the expense of an exieting conception. 1In other .
words, he or she hie to find it fruitful. There are a number of ways in vhich'
it could be so. It could be that it solves problems exporiencc.d by Cpp i.e.

L] - - .
what is anomalous with respect to C; is no longer anomalous with respect to Cj.

-In such & case simply being plausible is sufficient for C; also to be fruitful. W

-

It could be that C; suggests t;.u ‘apppoaches, new experhlzent-. En euch l case
being fruitful means more than being plnu-itble. It could be that C; is more
elegant, more parsimonious, wore economical than C; and ,therefore to be preferred
to C;. In these possibilities the reasons for the choice of C; are intrimsic
to it. Por such a person, C; is fruitful.. ‘But he or ele might choose Cy for

some extrineic purpose without being personally sware of ite full potential:

it might be a generally accepted part of the diecipline, or aseociated Vi'tll

" some 'rgup‘ect-d figure. In euch a cn)'. of couree, C; might not be plaueible or

(eﬂi\ intelligible (though there would be plenty of motivation to find it o) and

1t could not be regarded es fruitful. Thus if thnre is no advmtng. gninod no
increased underetanding achieved, no unsolved problems clnud up, the offort. ..
required to incorporate Cap 'p\i':ticul’rly if & invo’lvd roplwi\og €y will . -
not be made. ° .
ﬁln discuesing theee four conditionl. PSHG coneidered ::ho different oituutiono

in which conceptual exchmgc might occur, ‘and concluded that jt was not

nccuurily a linear process in which each condltion vae ol‘{ﬁod in turn.

Figure 1 ehows how they dopicted t}/pouibl. ulntlonohipl of the four

conditions. : .



C. \ / . -6 - K . "'7: {

- L ¢ .
. e § . .
Digsatjsfaction with C| . H -.‘\,,\ ' . deveglopment would be D # (I) # P + F, by theory choice would be D+ I + P + P
(p) i ¢ Y e / v Ve
. ‘ 7 :
\ Fruitfulness Conceptual and by theory learning would be ! )
of C, ————®%  Exchange from . . . °
A . - R * .
) (F) C} to Cj , Yo . 1P (F) .
Intelligibility Initdal plausibilit - . ‘ . S .. :
of C; ) of C, ®) /
(D (P) : L . _ ) . .
P : C o . where a condition in parenthesis e.g. (D) indicates the pouibilityﬁhat its
-t \ ] . . N . ’
. - d not b iticsl.
Figure 1: A Model of Conceptusl Exchange} The model incorporates four v role in the conceptual exchange process nead mnot be critic .
. necessary coioditions for conceptual exchanse: : In presenting the above model, RSHG made it clear that it was vastly over-

¢ . . .., -

: They then identified three different ailiuations.in which cgncegiual exchu:ge « simplified. The process of conceptual exchange,.they pointed out, does not

could occur.. The first two are sppropriate for prsctieing acientists, and th . occur instantaneously for agy one person, nor in the same way for different «
: 3 . f

. people, Since any basic concepti_;m is so complex, certsin aspects of it might*

thm:or students. Firstly a scisntist might be involved in the development

of & theory. This ds clesrly a creasivo role. Einstein's developwent of “ be wore intelligible, plausible and spparently fruitful than others. Thus

.

s " relativity is a case in point. Secondly, the .-scientist rking in a field may conceptual exchange "is best described as’a process of gradual adjustment in
* 1 3

be presented with another person's .th.PTY-_ He or she is then involved in ’ / | ode’s concgptions, esch new adjustment. laying the groundwork for further
theory choice, and will need £ play a critical, evaluativewole, Einltlin'll ‘o l.djultmento".. rather than the passage through discrete stages implied by the ’. (
.~ colleagues would have been in this position. Thirdly a student meets a model . . .
. thcc'n'y in a course of study and thus is involved in learning a theory. A ‘ . b . ' " , ' .
conceptual exchange would be required of a student with a Newtonian view of 1.3 A H;del of Conceptual Change
the world who is required to learn relativity. ' ' '. The model of. conceptual exchange outlined abave started with the pt-il, .

. . T < X
In considering each of these three situations in the light f the model that' C) and C; were irreconcilable. If this condition, however, is relaxed,

Pl‘“‘.“t.d in Pigure 1, PSHG identified s number of °°“"°“.“f1.' but also . the model can easily 'bo\modifiod to include conceptual capture as well as

4

some atriking contrasts. Por both theory choice and theory development conceptual exchange. f-

. . . . ¢
- dissatisfaction with C; is of crucial importance, but need nat be so for theory . As bekore conlidxr a person with uihtins conceptions € which include one
. . ) . A ]
learning, particularly for studénts who hsve not learned C;. 'Intelugibility Coe particular conception C;. This person is faced with a conception C, about
. .
.16 necessary in all three situations, but for theory development it presents which a decision must be taken : whether it should be rejacted or incorporated,
no problem — a scientist cannoﬁ davelop a theory he or she finds ul@telligil?le. ) ‘by means o'f rote memorization, "concepmli capture or conceptual ;xchmse. »
. } - . . ; .
In thrbry choice and theory Jlearning, however, it is crucial. Initial < The declsion which is teken about C; depends on the aungwers to three *
« plausibility is clearly necessary in all thr:e ‘situations. HM‘U whille queetions: What is the status Qf C,;? What is the status of Ca2? Can C; be
scientists would certainly need to find C; fruitful, this uneed not be the ’ . reconciled wi‘th C1?7 The ansvere to the first two questions will depand on
- }}
case for students who may well be motivated ‘_’Y other flct‘bl."l. extrinsic to (fz.‘ ) which of the faur conditione discussed sbove 1i.s. dissatisfaction, intelligibility,
N, To summarize these points then, the model of conceptual change by theor .

' » . AN
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The anawer to the third question will depend on whether C; and C; meet a tiftl‘\

condition, mutual consiltand. The ﬁmod.el thus requires further discussion of

two terms, viz. atatus and’ uﬁxtunl consistency. \

Within the model, the starus of a conception is considered to be intelligible
(1), intelligible and plausible (IP) or “intelligible, plausible and fruitful (IPF).
As dlscussed before a copception cannot be f’ruitfuL w}thout being plausible,
and cannot be plausilfle without being intelligible. - ) -

4

' Twe conceptions, C; and Cz, can be mutually consistent for any particular

person only- if they are both aeen to be intelligible i.e. internally consistent.
v Only then is he or she able to decide whether they are consistent with each
V. N other. If in addition C;, say, {a plausible, then it can only be mutually

consistent with C, if C; is aleo plausible. Thus for mutually consistent
._. ! : -
conceptionl,[both are plausible, or neither is. In practice, it could be that
. Vs

Tk . Gz becomes plausible because it is seen to be reconcilable with a lplausible
N [}

existing conception. Alternatively, thg'reconcilintion uight depend on botl;
. conceptions first being seen to be plausible.

" The three questions upon which the decision about Cy. is \m.ade are mnot :
Jnecessarily indepc,ndont of one another, as the discussion og the plausibility-
wutual consistency relationship shows. In other words the status of one

. L conception may very v.l'dopend on the status of the other through considerationa

A of their mtt:nl consistency.
The decisions which would be made about C; on the basis of the answers to

+

L .
the three questions above are summarized in Figure 2 where gonsideration has
[} »

. been given to the possible interdependence of the two conceptions. This is- .
_shoyn by the exclusion of certain possibilities:in Figure 2; e.g. C) and C;
cannot both have ctnt;n- IP and not be mitually consistent as discussed above.

A These decisions would..bo made on the basis of the ';-t;tu- of C; and C; at a given

' ’ ¢
.

10~
Q ;_:-‘ .. o . *

A FullToxt Provided by ERIC . - . - . P s - .
R e e een

us of new conception

Ip IPF ' .

MC not MC M™MC not MC MC
Status of” 1 R R _CE CE : .
Existing 1P R R,CC cc
ol
/ ‘Conception  IPF lL R,CC cc
. - A) M
. - “’ '
I - intelligible . ' R - reject .
" IP # intelligible and plausible o ’ ’; ,

0

IPF - intelligible, plausible and fruitful CC - conceptual capture

MC - mutually consistent CE - conceptual exchange

not MC - not mutually consistent
X

Figure 2 : A Model of Conceptual Change. Decisions made about a new conception
C, as a function of c0nc.—p§-{on status.
time. They do x:ot imply finality i.e. a diff.er.nti_ decision could be made
at a later stage if the status of one or other concqgion were to change.
Thus if C; has sbatus IP;? and C; has status I (since oniy C, is _plausible,
they cannot be .nmtually consistent), Cz.h.ai ::o be rejected, If at a later
stage it is seen to -be plausible ‘(nnd_ thus consistent with Cy), then' it might
be incorpot:ated by conceptual clpture.k/‘Sincc an effort is required for
conceptual capture'; and C2 is not seen as fruitful, th.or. would probably have
to be some axternu‘l motivation for‘(:onc:ptull capture to occur. Failing
that'.Cz would probably- still be rej(;ct.d. If-fimllly, C2 was found to be
' fru.itful after all, then conceptual cupt-:ure \'Muld océur. ‘
: ?igure 2, then, gives the decisions which would be made about Cz at any
given time, but shows nothing of the dynawmic ;-pectl of the model i.a. how
the status of a conception changes. The -tatul.in depondqr:t among other
things, on the extent to vhich‘ there is some dissatisfaction with i{t. For
an existidg conception C, dissatisfaction might arise because C; is unable to
stimulate new directions i.e. it is no longer fruitful. It might srise because

.

Cy is uable to provide a basis for making sense of new information, vhl‘h
. '
. - R - «
, N ‘ 1 1 o
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; cannot be ignored i.e. which is anomalous. Thus it isgno longer plausible. - + 1.4 A Bagis for Decinion Making . . .
It might arise because C; is acen to be clumsy, inelegant or contains ad_hoc L In order for decisions to be made about the different fonditions discussed
} .lolum'ptiona. In duch a case, - drop in atatus probably only occurs if a ; above, it is t\lfcassaty that there be a basis for decision making. Toulmin (1972)
: 3 4 P .
) satisfactory alternative exists. In other words, diseatisfaction with C; is . ) considers that the current p?pulution of scientific conceptions wnd dieciplinary
L4 , . . .
dirocily rolatc‘ to its being seen as no longer fruitful, ‘or more striously as . . problems functions as a conceptual ecology which selecta in favour of some
no longer plausible. It is unlikely that it be seen aa-mo longer intelligible. ’ : conceptions and kﬂ‘i““ others. At‘ any given stage only a very small part of
< ":"}‘ ) Alth\r:intively dissatisfaction with a new concop(ion_ ‘C‘z‘might arise because C; the‘ conceptual ecology might be considered to be at risk, bf‘t in principle
2 \; carries implicationa which ippe?[ to be unacceptable from the perspective of | no part of it p‘vould be immune from criticism. s
ok . ] . . * '
. ‘[:__ the existing conception i.e. Cz is seen as inplnulible, counterintuitive. It \ Som of the most i&mrtant constituents of an individual s conceptual )
. i_‘,b - might srise because C doesn't appear to bring any nevw insights, uolve exftting » ecology which influenf:e and are involved in ‘conceptull change vere found by
problems, suggeat uew directions i.e. it is not fruitful. Thus both \nth respect PSHG to be the mtnPhy-icgl commitments held by the individual. These
.-t C nnd\cz, cﬁuttiufuction’.and status are’directly related: dissatisfaction : commitments are metaphysical in the sense that they are not loulc_optible to direct
y . [N
. results frow loes of fl%itfulnen and plnulibility and the reductiop of . empirical refutation. Such compitments fall into different ctategoriea, and
. diontiofucﬂ‘on comea with?increaeing Pll.\uibility and fruitfulnuo. . U . are 'm:i'..d by PSHG ss follovs: ’
\'l:ktntervh\n nulynd later in this paper will carry the burden of . (1) Epistemological Commitments - .
) : ' ~specifi
providing a ﬁrgwuiled understanding of the model by showins how it might | (1) Explanatory ideals: Most fields have some subject-matter-specific
~ ‘b. applied to opocific _examplas. * ) ‘ _ . . —— views conperni‘ng what counte as a eucceeeful explanation in’the fifld.
* . - .
There il one ujor Qualification of the nodol which 1'have preeented: . it (b Gﬁncral views about the character of knowledge: Some standards for
e, 9f course, & drgltic ovor-ni.mplificgtiou to present intelligibility, ’ ' ‘ successful knowledge such aa elegance, economy, parsimony, and not
plausibility, fruitfulnese and mutual consistency ae dhcleoto propeYties of . being ad _hoc seem subject-matter-neutral. .
T - . . T, : . . % ” !
CQPCCPtionl. s}nco conceptual capture and conceptual exchange are generally .
) - N ‘ , ~ (2) Metaphysical Beliefe and Concepts
" . gradual proceeses occurring in different aspects of any changing conception : ' ‘ . )
* ' . ' f/ (2a) Henphycical beliefs esbout ecience: Beliefe concerning the extent
af” different times, a conception ie generally neither ¥vtally plausible nor
. ) ’ N . of - orderlinou, symmnetry, or non—rlndo-uu of the universe are
totally implausible but becomes more or ¥ese plausible over a po‘riod_‘ of time. * t
P ' A ° often important in lcicntific work and lﬂ reeult in epistemological
Nevertheless, particularly in the early stages of the davelopment of a model, : :
] - - . views which in turn can select gr rejact particular kinds of
the eimplification of presenting it in discrete terms can serve to illuminate & .o .
N . . explanationa. Such beliefs played a large role in Eineteain's thought.
ita key elemsnts. In addition ae the examples ehow, at particular stages of : )
! . . ™ Beliefs about the relationa between science find commonplace experience
a c@ptui};&hn_ng. the approximation to a discrete status is a good one.
) e ' . : are also important here.
‘,Q- ) by V ° *. ' e - \ -
'2 1 ) : : . ' (2b) Metaphysical concepts of science: Specific scientific concepts
- Ay - . N

. . _ often have a utiphyoicul quality in that they are bc\icfl' about . the

~° \

- " . B -
.
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) ultimate naturefof the universe and are immune from divect empirical 2.0 METHODS AND DATA N
- * y
refutation. A be\\ief in’ absolute space or time is an uxampl'o.. - ’ The research reported in this paper is based on a single case study, l A
Thus a concept i()i‘l.(‘ould be fruitful because it SugRgests new ways of relating g;adunte .‘atudent (SL), tutoring in a freshman non-calculus physics coprae (P1OL)
science and commonplace experi}nce: It could be plausible because it is counsistent was interviewed on three separate occasions about 000‘ of the units i“',-th(' . e’
_with some Melief -about the ultgmate nature of the universe, because it is M course-special relativity. The first interview was used to analyze SL'Q‘ g
elegnn.t and parsimonious. 1t could cease to be plausible becnuse.if conflicts metaphysical commitments with respect to special relntivi?y: the second A
with other knowledge, or because it includes too many ad hoc assumptions, etc. . interview held five months later was used firstly to check whether these

l . ;‘H(‘ aluo noted that it wes not sufficient to state that an mdividual had commi tments had remained constant and secondly to intervene directly in an

a comxtmant to, say, absolute time in order to take a decil{on about a ' —/’\ * - attempt to influence these conmitmentp. and the third interview held ten day's :
A .

. concept fon . It vas also necessary to take into account the strength of that after the aecond wgs used to see whether there had been any changes to SL's \‘
commitment. For example, a Persgt; learning ipac‘ial' relativity has to accept the i commitments arising from the second interview. ) * . '-\ \
""’1‘“"‘_51\—9" .um“ 1f f(‘,r the person’ concerned, however, the belief in.absolute . _ In the first interview, conducted after 81, had tutored this unit for the. \.‘ \\\
time is strong enough, and if the srguments preaanted in auppgrt’of felative time second time, he began by discusaing how he viewed*two seemingly counterintuitive \'«:_\.,‘_'

Y. . carry insufficient weight then he or she will consider that the exiating . . ‘propositions of the theory, vis. moving clockl run slow and mvina rods shrink. \\ \\1‘
’ P com\:apt&n still«is plausible and the only way in:vhu:h ;he new conception can ) 'I then presented two problems to him ang asked him to solve them while thinking \ ‘
* be .i.ncorpornted.i; thfough aém‘:e reconciliatory procedura. k aloud. At each stage I asked him tc® gige raasons for his answers, but I made \
" Metaphysical commitments, then, and the ltreng‘thn with vhich they are held 10 attemt to teach him. The problems, tliough simple to state, fnvolved the -~
playv a critical role in the decisiogs made about nm;v and existing conceptions. . ' ) major compo?ent- of the theory. The first problem considered the workings of
Thid role will’be further illuminnvli:ed in the discussion of the results. . a light clock snd the implications it has for the concept of tiwh. The second
- T\ . i . : problpm involved -imultaneity and the synchronization of (‘htmt clocks. ’rhi; )
. . 0'.. - ) i . ' was followed by presenting SIL vitl.x written explanntionl from two different . -/)
) ‘ . , . . pointa of view. After he had read these explanations, I asked him without prior
o v ) . ] ) ' . . warning to renest them from memory as a comprehension exercise?.
. o : - ‘ _ o Co + The second interview Yas conducted five months after the f.i_rlt ox?c'vhilc 8L
: ; . ' was tutoring the unit on special relativity for the third time. In the firsg
S S : part of the interview I reiterated ¢he major points which SL had raised inp thﬁ
. \ - . . { S . first interviev snd asked him toeiocuu them to determine to vhat extent . *
' ’ \. - there had been sny chsnge in his metaphysicsl coéitmntl h\-Jha intervening

. . . '_ - ) : . - o .time. 1In the second part of th\e intarviev‘l presented some of Qho bnic . .

. . ‘ : a . : : ©  alements of special relativity and contrasted them with t‘ f:.ultl of wy snalysis .
‘ ., ' 1 4 . ' . o - 7 . : - of the first interview, -howing where 1 saw differencn and ptuunting arguments

T . - - o - P N fr e T wme i e X e e e ae emm e
) . . - . - . ¢ e . e TRt L amar S e ke ey .
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in support of lpa&icl relativity. In essence SL had sttempted to reconcile

-~ .
the results of lp.ci.l relativiity with his Newtonian foundation, a‘hd 1 sought

to show what I understood the Einsteinigqn foundations to be.
4

The third interview was conducted ten days after the second mtetview durmu
LN

vhich time SL had had numexous discussions with students he was ‘tutoring. He
&d alap come to me on two occasions for clarification of details, and .di.cus,y(o.n
of apecific problems set in the unit. In the interview I l&i\in reiterated tl‘ie
major points vhi.ch SL had raised in the first two jinterviews and n‘-kod him to
, . ' comment on how ‘\e viewed ths propositions of special relatidity viz. moving
- clocks tltn slow 5nd woving rods shrink. The discugsion px:ocuded along li[\e-l

similar to tbe first. As before I used the reeorded di{scussion to analyre SL's

*

current metephys iinl commitments. .

Aruitoxt provided by Eic:

3.0 RESULTS . 4

The purpose of. this section il;to nml')\vu and discuss the role of meta-
physical commitments in sssisting conceptual captutre of countaerintuitive
rasults, to inveitigate the conduitlonl under which they nr: ropi-cod in
the process of 'conc.ptual exchanse and to apply the model, of coc;ceptunl

+ .
change outlined We to these results. It is, howover. impossible to discuss

the role of such utnphylicnl comit s in ‘d.tnll without slmltnnooully

dilc,q{ling their content. I shall pe .r‘heleu attempt to restrict all
discudlsions of content to the {nstrumental role which l&lnyu. and lsave "any

-

comment, about its intrinsic value to ethers. _ . .

3.1 Analysis of SL's initial conceptions? . e

The nmlylig of the relevant partl of SL's {nitial concoptlonl (including

C) end possibly othelbnrt- of c) is based primarily on hh responees during

LY
the first lm:erviw wizth npptoprhto corroborntion from the \cond interview :
SN
to douonltrqto the stabiligy of these conceptione over a parlod of dSome N .o

five muthc. . e

In tho time prior to the firet lntorvhv SL would havo besn required af a
phy-lcl gndunto student and as a tutor {n P10l to make some sense of llnut,ln

'Spochl Theory of Relativity (S'l'll). He would probably not have ¢oneidered the

option of claiming that it was nonsenee = euch ‘a path doee not usually lead
L4

qto success in 3rndunth school * and thus he would, probably implicicly, haves

set himself the tnok of reconciling STR with his exieting “phyeics knqwl.dg.. .

Ae
JThe evidence I shall pr.nnt below -uggntl that his primary concern wee with

the two propo-ltiono whichirun dérsctly counter to.\co-on experience (viz. .

woving clocks run sléw (ti dilnt(on) woving rodu lhril;\ (length contraction)),
M |

rather ‘then with'the 'theory as a whole. His formal physics knowledgys would

- undoubtedly bexinfluenced By tlie lerge component of Newtonian physics hie

oduc.éion wist have inclpded. SL's fnitial comoption' are the prodact of

Eiusteinian brenchee grafted to Newtonian roots. NS .

| ST
et
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SL shows a firm Nﬁlﬂliull commitment to 8 mechanistic view of the world . °

in which objects have fiked properties such as length, mass etc. and in which
explanations of phenomena (incl:xdlng ralativistic effects) should' be given '
in terms ot" these objects and their' interact.ions (i.e. in mechanistic terms).
in lcikiug about the question of uhr}nking rods and slowing clocRs, he says:

S:lt) 1 see them as being—-as changing their length, or changing their
time. But I can talk to the person who's moving at the game

velocity ae the stick and the clock. He's telling me thst they P

don't change.....I feel they haven't changed, but the way I'm'

* + looking aw them has changed..... I guess I'm allowing for the
fact -that s person who's seeing these things at rest, who has
his clock at rest, his meter stick at rest, has |pause] & little
mord right to say what ls really ‘happening to the sticks.

- (emphasis added)

A little later (:e continuen: .

(SL) ‘But I'm not *at all uncomfortable wigh the idea of fore-

shortening. 1 do say, I do fael it is a perception. I will -
say it is a shortening. I know in the back of my mind that

my friend who's riding algng with that meter stick is telling
- me all the time that as fdk as he can tell, it's thé same

length and I believe what he's saying, which is o.k. >

(1) Itls not a conflict?

(SL) No, because the fact that it'u!moving makes <t agnea’ to me
as {f it were foreshortened.
* (emphasis added)

» 3 1

Here SL insists org, treating langth as co\xstant. independent of frames of
reference. He ’a. thus, led to treat the special theory's claims concerning

¢ . .
the relativity of length as simply a distortion of perception.
3 v :
In the second interview SL reiterates this same point in somewhat different
i

- \
terms. Discussing the question of what the reslity of an object is, §e says:

(SL) But when you start talking about reality....I sort of *1ike the idea
of thinking of an absolute reality sort of ind‘pondon.t of observation.
. N

He then aspontanscusly h;troducu the example of a vector,something which

is characterised by its length (and direction) and continues:

(SL} If you can think of it‘f_‘th. vactoﬂ as something independent of
coordinate systems, you have space and you hav something out
there and it has physic#l reality independent of how\you measure

it, ' .
. ! . -~
) i
. L S
’ bt . * ' B
inw > 7~
A - 1 8 . . ' *
. ) ) .
- -
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Thus, at this stage, SL is committed to a.vi

ew of the woFld in which objects
have an independent r:ml‘lty one &nunifeatat ion of Lhich is & constant length
independent of how or even whether it is measuréd.

¢ The next topic I ghall consider concegn e niture of !:he explanations
which SL provides of relativistic phenpm;a issue arises out of SL's
consideration of the light clock |;robfem. 8 imgortunt because it provides
him with the plausible mechanism for explaining time dilation that his meta-
physics requires him to look for. He can thus see why a u*ving light clock
run; slower. He correctly predicts that another clock whic\t does not depend
on light moving with the light clock also runs glower.

-

(SL) It will be keeping the same time [as ¢ moving light clock]. I - ™
baven't done anything to it that it shouldn't keep the same time.

I then aBked him to explain why this &hould be the case.

.
(I) But now we've got a [clocg which has nothing whatsoever to do

with light and s0o how can you explain the fact that it is ! .

running akwer as well?

(SL) Well, that I can't do, &t you=- leb's sse, if you use another
clock, well, like a human heartbeat ia also a clock and in -
detail I can't explain why thgt would go slower.....but I have
a little bit more of s feel that it depends en the speed of light. .
For instance, if you are sending--your body runs by sending
neural stimulation, up through your body—those are electrical
phenomena....well, it's a phenomenon which depends on light xnd ' .
electricity, then I reason that those procesaes will be affected
similar to a light clock and #0 I can more or lesa see how the
hear theat would siow down If It's moving st a high velocity.
(emphasis added) .

Later, I questioned"SL again on this isaue:

(I) I'm suggesting that prrhaps you can't argue for your clock
A..on the basis of, light\. .

(SL)* I don't see how in depth I can argue for my clock on the
- basis of light, but ’I balieve it can be done.

With respect to this same question of what cohstitutes a satfsfactory explanation . )
we had the following discusgion in the second interview . .

(SL)- I don't like the idea of faith so much....I think that physics works,
- can explain everything, adnd thit™y the premiWme I'm working on and

80 when I come up with something that I can't understand I would
like to think it through and explain it to myself...,.if someone

. just tells me well these mechanical clocks have to [run 'lowor]._that
doesn't sit well with me because I can't see why they're telling
me to take something on faith whén I or they can't explain it. .-
v . A : ) ¢ *
1 ) : L
+ ) \ . . ’ bt
. . ‘. ——
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- (I) OK wo - I think that it comes down to what you would accept as a . All the interview evidence shows that SL accepts the sscond pgstulate without
rsasonable explanation of this phenomenon which we can agree about - v . . .. pi
Y . ' .
which is that a clock slows‘down. And what is, as far as you' re . question. He simply uses it without any discullion‘,/ Illhlll assume, that it is &
concerned, a reasonable explanation of such a phenomenon ha to do h . [ oY
vith being able to postulate soms sort of proceas, a mechandsm constituent part of C. The two propositions are , however, controversial, and
3 which makes things slow down? & ' . ’ . '
(S) Yes 4 form the set of conceptions, C;. The outline of the model in Figure 2 indicates
. ' : that 1 fn uhichd be incorporated intq C Cy havi 6
(1) And that underlying everything in the world there is this type H the only way in which 2.““ ¢ incorp .. " .with C; having status
[y - - 1
of mechanism explanation? l , IP (or IPF) is by weans of conceptual capture. This can only happen if C; is .,
(8) Right . . : ’ made plausible through reconcilistion with C; i.e® if C; and Cz are seen as
P . .
- The snalysis .of SL's initia} conceptiona .lhowl that he has a metaphysical being ﬂ;t\l.lly consistent. .
commitment to g mechanistic visw of the world. This i¢ ahown firstly 1_)y his © SL manages to reconcile Cz. with C; by making two auxilin(;' assumptipns:
o~ 3 . ) ) V - - V -
commitment to the fixed ‘properties of extended objects being the fundamental that a shrinkibg rod constitutes a perceptual problem and doesn't actually
reality in nature. Thus a meter stick has n fixed length and any obultvationl \ shrink ("I feel they [rodwnd.clockl] haven't changed, but the way I'm looking
which ‘show oStherwise are perceptions so that it appeats to the observer as if ) at them hag chufsed") and that the light clock problem providea hin with a
< . . " -
it vere shorter. Secondly he is committed to the Rrinciplo that any explanation -plausible mechanism for explaifing time dilation even thou* he cannot see the
of relativistic effects must be given in mechanistic “m‘_ Since he has an’ . details~in avery case in which clocks run slower ("I don't aee how in depth....
' account of the sloving down of a light c‘lock. he can and does use, this to ' but I b..l.ieve it can be done"). '
explain all other problems of time dilation by assuming that thay somehow ) The only element then lacking in explagning the conceptual capture of Cp
depend on light. 4 '] \ . - is the motivation. In principle it could happen -~ C; and C; haue been reconciled
- i : . A
. . - "{(.t least to SL's satisfaction), and both have status IP - {n pruticf there needs
3.2 Application of the -od,l to SL's initial conceptions N : to be a reason for SL making the -effort nécessary. Here the obvious candidate )
The wodel-of foncopmal change presented earlier is applicable to SL's ;- is the importance of relativity theory. If SL wants t3 make hg way in physica,
initial conceptions, to the fact that he has been able to iricorporate two - ) J he has to come to terms with r.l.tivity'. As a gr;d\;uo student ha has to learn
by } . . « .
b g .
counteringuitive prop,lition_l int‘o his set of conceptions about the vérld ) . ¢ it, as a tutor he has to teach it to his studenta.
of appropriate phenomena. I shall assume that within SL's set of conceptions, . - Ono‘;iml point concérns the lt;tu. of C) - it need onl; have been IP before
. C, there is a subset, Cy, which includes coficeptions about the reality of . C2's capture, but more than likely its role in the capturewould be enough for *
. . . . :
. -4 objects and the nagure of satisfactory edplanations of natural phenomena. . - its ‘t‘ttu- to be raised tq IPF. Whether or! mot,this is the case, however, makes
. - . . A )
Since there is a lack-of evidencelto the contrary, I aha1l aesume that for 5L, no difference’ here, : o R ’
. i . . ™~ 4 .
Cy1 is both intelligible and plausible. Whether it is, for SL, a’fruifful set - .
. of conceptions is a ilor' open q\:ution to which I lhlll.rotun\. . ’ X 3.3 Analysis of the intorv’entio‘g . . .
- . ) . Lo . > -
N conlidA{ that "L now comes to %'"P special relativity. "For our purposes ) ' . ?he purpose ok the intervention in the second interview was to influence
. . LN . - . ' . . LTI - . N . ' ‘ : :
1 shall onlconsider the second éi;t"h“ ~'that of the constancy of the Lt SL'a understanding’ of relativistic phenomens in order to bring it more into
. - s - | - . . R ) ' ’
% oy 30eed of light ~"and’ ghe two propositions &f time dilation and length contraction. * -~ line with what I understood to be the orthodox/in-toinian position. Th
~ . . . 3 . 3 . a N Ry . L N
. EMC - - - '2'. o . . . o, . - . ) ] . | .
v b : : _ ' : S . .
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rdtionale I adopted was tl_m-t of presenting him with the position he had
adopted (based on the previous umiysin). contrasting it with the Einnteinian
position and gtressing the advantages this had over his point of view At
each stage we discussed and attempted to clarify fhe points which ad been

;

raised.

The content of this intervention centred om the issue of vhat the
fundamental rcnlity o‘the world might be. SIL had indicated that he saw this
in terms of objects and their intotrelnt_ionahipo.- and I presented the point .
of view that svents were more fundamental and that length, say, cou}d be
interpreted in tsrms of events i.e. something that is Jocalized in space
and time. For in.tlt;cl. length was the spatial separation of two ovents
happening st the same time: viz. the two measurements of the ends of a meter
stick. I showed klut two direct consequences of this point of vicv. coupl\u
with the pou\ltte of the constancy of C\e speed of light, were diqagraements
between two people moving relative to each other abou. the lnngth of tim batween
any two cvent-, and about which two events were appropriate in lex}gth Measurement.
,Thus a regard for events as the fundamental reality led _directly to time dilstfon
and length contraction in an internally consistent way without the neceesity
of the nuu:ptiom 8L had made in order to achieve the reconciliation diecussed
in the prwiou: uction. . ’ . 3 _

A aatond part to the fesue ::f fundamental rulit’y dealt with queries raised
by ‘SL {n the intnrui-v. Was the focuning on events as reality not a dcninl

of the axistence of objecte? Or in his own words '- o -

(81.) Then how do §ou talk about it-".-ulity? Juat in terms thlt .
) thece are two svents that happen?

This alerted me to a possible ni.im:.rprntntion of the n'n?: concept of lgg:h,
and led into a discusaian of the detailed :lnplicnt{on- of the chansci which I
had outlined, .implications which had I_b:t occurred to nn or which did not seem .
to be central, but vhich were ¢learly important to SL. .}A reinterpretation of
hn;th which was iuternally consistent was certainly r-quitod. but with the

.dditioml requirement that it be consistent with.8L'e other conceptions.
- -

Y

-
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3.4 Application of "the _model to the intervention

In order to go from the incorporation ?f the two relntivi-tic propo-itions
by means of conceptual capture to their imcorporation by Reans of conceptual
exchange, at laast three conditions have to be met : the status of SL'; initial
conceptions C) has to drop, concomitantly the reconciliation bat:aen C; and Ca,
has to brenk down, and the atatud of C; han. at least, to be maintained but
preferably raised. L\
) Since the analysis of the next section will show that conceptual ucha;mge
did occur we can assume that these conditions were met. This, however, is
indirect evidence, and in suppo‘t of the claim that the intervention vu-\the
instrumental factor in the exchange, I shall indicate how these conditions could
have been met as a direct result of the intervention. .
As I discussed while introduoing the model, status lowering is directly

related to dissatisfaction with the conception. In this case there has been

no anomaly, The nlterl‘\ativ. presented to SL- has, how.ver, shown that the S

] auxilin#- assumptions made in order to reconcif C; and (2 are unneceesary -

it is possible to understand the relativistic propoaitions without then.

. ‘u
It is impértant to realise that these aesumptions were not shown to be wrong -
‘merely unnecessary. ~That this appeared to create enough ‘diutntiofnction to lead

to a lowering of the status of C; is an fmplicit ipdication of the existence,

with lu"fici.ent strength, of an epistemological commitment to the' econony of

a theory. One factor; thenm, yhich leads to di-utiofaction with C; and the

A

conuquent lownring of, itl status is the realization that the auxiliary nuunption-

A

-+
~can be discarded, in the process of which _the reconciliation betwsen C,.and C,

- hys to break down. Thus two of the conditions liu:ed above could hnvn been met

-

simultaneously. ‘

The importnnce of lowering the -tntul_of C1 must not be overlooked - wighout
i_t, there can be no conceptual exchange. The source of diseatisfaction discussed
above is appealing becauea it c&uld account for two Tdiuom' but it might

s , ’ . w
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not be syfficient. The argument which lho'?d that the two auxiliary assumptions
vere unnecessary dealt with the internal self-coneistency (or lack of \it) of the -
conceptions under discussion. Equally important for the existing conceptions
wvas the external support they received from extensive experience, that wb}ch
made them plausible. Thus SL might well have wondered whether he had to discard
a concept of looith which had served him verll in wll areas other than relativity.
In other words, he might not be prepared to find C implausible until he had
found C; to be plausible : that interpreting common experience with C2 made
eense. In other words t.hor. is an important link between the first and third
conditions ebove. -

7 .

In ord‘r to check whether the third condition could have Pun ut-. ve n.tdvto
consider the new conception, Cz2. In the discussion of 8L's initial cohcopt‘iom.
C2 consisted solely of the two relativietic propoeitions. This must now be
expanded to include the conc.ption‘ of events as fundamental if a uthﬁctory
exchange is to occur. As I discuesed above this conceptiqn leade directly .to
the tw)pdpmiot_\ln 80 C2 is internally consistent and cou{d tli,\n be intelligible.
The effect of the u\ond part of “the discussion outlined above i.e. the

. LJ
e barrier to C;'s status reduction would have been

- r.int.rprcption of the con‘? of lpngth, could then be to make C; plausible.
1

This being the case, a pos
rm\;od._ Thare ‘would aleo be the external motivation arising from the necessity '
to find relativity plausible {n order to feel a part of the physics community.
Thus the third condition needed to open the way to conceptual sxchange could’

have been mat.

p
.3.5 Analysis of SL's final conceptions

The analysie of the conceptions which SL held after my intervention follows

that above. Thus I shall be looking at the same points which were summrised

at the end of the analysis of SL's inftial cotceptions. / ‘

Y

A more npproh_'int.o n-u-.ption seens to be that SL wante to reduce the dissonance
. - : . .

-
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Firstly, there is the question of whst reality is. The snalysis showed ®
T4
SL's initial vommitment to objects with fixed properties such as length and ‘e
L}

mass. Psrt of the evidence to sipport the initiel analysis came from SL's ¢
/
view (repeated at least three times throughout a lengthy interview) that he
\

would give "e priority of claim to the person Ent reet with respect té] the .
meter etick", and that it ;inply n‘gp_!nrl to be foredhortened because it's _

woving. So I put SL's initial view of the stetionary observer having more

v

right, having priority, to talk about Yength to him.’

(8L) Right, I don't know if he has more right.... I think even back
then and that'e what I said but it's not literally what I meant.
What I am saying is that in a way it is eady. If I were him I would
have an easy time measuring the stick..... I was alwost talking
ebout it's easy for him to maasure and it hasn’t been eesy for
ma to think of how I would weasure if I am wmoving with respect to
it. . . -

One might want to accept 7 face value SL's assertion that by "right” and

“priority of clain" he msant "easy". .But this aseumea that for SL mattera
of principlk are aquivllmt to matters of convenience, an assumption I

think {e unr‘calon‘bl_.' in the light of the rationality of the three interviews.

4 .

caused as a result of the change.
» R . *
There is further ‘evidence in support of this change. In diecuseing hie

changed vioupoiné he reiterates one cowmitment which remains unchanged: there -

(N

.

is a reality i‘hd.pondnn_t of measurement. What has changed is hie interpretation

.. .

of . thie commitment. ) o

(SL) Well, points in spgce are real. I was thinking about this earlier.
I don't know if I've woved that far from where I was before. I :
alvays falt that there arg things that are real ~ and how you obssrve .
‘them,. that might change. t there are some physical reslities like -
you have a flash bulb here and a flash bulb shere. They are quite
independent of. whatever coordinste system you put on and I guess
1've always had this feeling that I didn't 1ike being restricted
R to a cooxrdinat¢ system and thit what is there doesn't depend on
whatever coordinate system I lay on it and so that would prompt me _
' to say the remarks I made in the past about.... a weter stick [having]
- - a certain length, that is, it occupies spsace independent of the
coordinate system. It is physically there but now if I had to msaeure

that, if T had to tell somebody how much space It cccupied, now we )
have to agree on-the coordinate system so that it would make some - _
eense. C : S . )
L] - o 1 .
. A A N
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It is {mportant to gote that SL recognizes that there has bsen a change.

Following additional {questioning he explicitly indicates what he has given up: .

(I) Are you saying that the property of length that it has is on a
par with this idea of the reality of the mpter stick?

(SL) No, that's a partial description of it, but it's not the
same thing. I mean if I can talk about length independeht of
how I measure it, and I guess I can't..

Thus while SL stifl believes that there is a reality independent of
measurement, he has changed his view of how that reality manifeats itaself.
Initially, the object itself had a fixed length, but now the reality is
in individual events, localized occurrences in space and time e.g. the

triggering of a pﬁotogrnphic flash bulb.

Secondly, there is the question of what constitutea a reasonable explanation.

. of rslativistic phenomena. Initiflly when considering time dilation SL felt

that to explain why any moving clock runs more slowly it was essential to

introduce some.mechanism. In his case, he felt that all processes had to
\ be light-like processes. During the course of this interview I asked him

..' to consider a clc;ck which keepn‘time with a flywheel which regularly reverses
its direction. Although hiu explanation is a little confused, what is
aignificant about it is ’thnt he makes no attempt to suggest that there is
anything light-1ike about the flywpel - he simply compares the light clock
and the hachanical clock whenaver the flywheel f.v.rnel its direction. Once
again the basic reality 1ias in these events.

] (SL) Wellf you can have two observers [0; and 0,].....both observers
) . vant to measurs the time it takes for ths [flywheel] to ﬁnnge'
direction and I will give each an identical 1ight clock L) and
3 : . L,j. A light clock [L;] which is stationary to the [flywhee
. asuring a certain time for the [flyvhuﬂ to turn around - '
jvell, an observer [0{] who is looking at the same light clock [L{]
says.... it takes one tick.of [Lj] for the [flywheel] to turn
around. The flash of light goes.up and down in that amount of
time and the flyvhaeﬂ has changed directjon.  The observer [02]
who is moving with velocity relative to [L,] will say that ...
took a shorter time than his ;j and the same thing [Flywheel
reversal] happened in- the same time interval. He measures a
- time interval which is somewhat® larger than the time interval
' : which the stationary light clock measured, but the same events
. occurred across the respective time intervals. The cne guy says
“a the time interval is 1 s and the other guy says it's 1.67 s.
The, same thing happened. It doesn’'t have anything to do with l

~.it’s Just how you measure the idea of time.

-
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Thus time measurement has to do with intervals between events, and has T
nothing to ¥o with the mechanisms used to keep time.
In a similar manner, when considering the phenomenon of length contraction
SL sees it as arising from the measuremsnt procedure, rather than from some

mechanism operating between the particles of an object. Talking about someone

moving with respect to him and measuring a meter stick, SL says

(SL) ..... if he measures lengths the same vay that I measure lengths
and he has made a corgect measurement, that's OK. I guess the
fact that we don't measure the same length is thst perhaps ve ¢
are not measuring the exact same thing. We are measuring in the same
way.... . R

He then goes on to consider time dilation but returns to the question of the

weasurement of length as the distance between two events (or occurrences).
Al

. \
His moving associate uses the same events, but the numbers he assigns to

his measurements are different. .

(SL) I make a measurement of length and I work with that according to
the equations of phyaics and it describes what happens to wme and
he'll use the same laws of physics. He will use his measurements
and he will discover the same occurrences. I get the feeling now
that I am moving into two peparate worlds really but what is the
same are the things that happen - the actual sort of physical
occurrences of something or other; thst a light beam shquld race’
from one end of a meter stick to another and back.

(I) So you are not saying it's two different physical worlds?

(SL) No. The samg thing is happening. There ﬁr; just different

consistent ways of describing them.
zemphnIl naaeds .

A

The evidence.shows that there has been a profound .chang®. in the nature of
.

“the explanation which SL offers, away from a concern with‘:bjoch and their’

interactions causing rolptiMc sffects, i.e) awvay from mechanistic

explanations to relativistic explanations, i.e. to an avarenees that these &

‘affects arise from the very process of measurement and of setting up appropriate

o .

. scales,.



- 26 - " - 27 - . LT
’ N s . .‘
o 3.6 Context of SL's Conceptual Change : of the change provided by the model discussed sarlier provides u clus -
The analyses oresentsd above show that there has bsen a significant change conceptual exchange cannot happen unlsss there is sufficient dissatisfaction
in the way in which SL thinks sbout certain ralativistic phenomena, a change to lead to a lowering of the status of C; - SL's mechanistic worldview.

in his basic metaphysicel commitmants. Before the intervention hs ‘looksd for Without this happsning the intervantion would essentially have schisved nothing.

machanistic explanstions of relativistic phenomens in line’ with the fact that ﬁ. ' . ’ ‘
he vas quite resdy to asssnt to a bslisf that mechanistic explsnations are the

*
foundstion for svervthing in the physical world. Aftsr the intsrvention there.

-18 no such universsl bslisf. This is & profound changs in one individual's

concsptions which wirror, somewhat imperfectly, the changs in ths worldview of ' . \
ths scientific community. 1 ’ - ' . . '
There can bs littls doubt thet the change from s Iuchmiutic worldview A “A
) occesionsd by Einstein's theory of rslstivity has besn of immenss significancs, » ’ ) . -— .

“discussed by numerous suthors (ses Holton (1960, 1969), Zahsr (1973) , Schaffusr

/ (1974),, Hirosige (1976), Posner gf al (1979) and references listed therein).

“of the mechanistic worldvisw sqth century physice. Margenau (1978)

says thst the most convincing feat u/ physics of that srs vas V\ : _. .
"ths universslity of mechanistic processes, which illuminated _ . .
simultansously the study of dound, of heat, even of light, which .
vas regerded ss a vibration in s mechanical sther" (pxxxiv)

Yo dapert from such universslity was no small uphesval which could not be , - .~/--] \

- T="'¥ gyoided. Hirosige cleiwe that e L : - .-

' .
"for ths emergence of the theory of relstivity a complate emancipstion
from ths meachanistic worldvisw wes the essential prersquisite” (p73)

and slsborates-this point h_n?. ssying that : ] -
“physicists did not gensrslly ‘sccapt Eclutivitﬂ, until they recognised - "
that it wes conceined not only with slectrodynamics but slso with .
wechanics, thst is, thet the fundamental postulatss of ths theoxy of ’
LA relstivity wers universsl principles to which wechenice as well as
Co : elsctrodynmmics was to be subjscted. Such a recognition contradicted ) . .
c the wachanistic worldview". (p74) ) . s . . | ’
The changs in SL's metsphysical commitments, then, must be regardsd s - - . \ '
highly significant. The qusstion srises as to why it had not happenasd ssrlisr, o ’ . - .
eince we must ’aliult thet SL would have haed sccsss to satisfactory accounts of - l\
. _ .

relativity theory through different teschers snd textbooks. Hers the sccount

IToxt Provided by ERI
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4.0 EDUCATIONAL IMPLICATIONS . * are implicit and inerticuleted, before Planning en appropriste teaching

The resesrch reported in this psper shows thet person's conceptions which . strategy wvhether it be designed to lesd to conceptual cepture or concsptusl

AS

include metaphysicel cowsitwments.play a very significant role in the way in exchange. Ijolng the mothods which I imiployod in this resesrch under the

which he or she understende .complex subject matter such as Einstein's Specisl clrcumstances of normal tcaching.\muld impose intolereble burd;nl on the

I

N . . (A}
. Theory of Relativity. These conceptions Play such s role even though they . teacher. Furiher research to determine the renge of possible conceptions -~

are often implicit, with theperson holding thew uhsble to articulate them in any group 0f students is clearly necessary in order to develop diagrostic

in any detail. They can then constitute an unidentified berrier to greater . instrumente for the teacher. This rg;urch shows the edventsge of such e

understanding of some topic or other. Until such time o8 the detailed nature diagnosis in h..[pln's to enhance grestly the effactiven;no of aay tesching

. ) i
of this barrier or block is reveeled and the person holding it sees thet it . situetion. ' /
”

is impleusible, he'or shs will be uneble to -incorporste the topic satiefactorily .

into his or her conceptions. For exanple, SL's commitment to a mechanistic ¢ ’ DA 1 -

worldview ‘conetituted @ besrrier to his desper understending of epscisl

~ . i ( \!
. reletivity. . . .

-

Firmly held conceptions which constitute s berrier to grestsr understanding ) .
e . .
*  ere not restricted to wetephysicel commitments. Neithor is the presence of such ‘ @

barriers confined to ebstrect subjecte euch es reletivity. Lovell (1979) L : * L

reviewsd gome of the litereture pertaining to theee issuen, litereturs which
deslt with toplce such es the conceptions of the world es e colific body held -
by children aged 8-13, concepts of mechanice held by pupile eged 11-16 and . C. . . \

concepte (or e lack thereof) of reference fremas held by firet yeer university
“ . .

studente. In commenting on theee, Lovell seys . ' - 4 . N

"the eltsrnetive fremeworks pupils hold regerding eoma eituatione : , \
may often be st varience with the fremework ‘which teechers wish them A ' ‘ :

~ to eleborate from teeching, from the textbooke, or from their own ' ‘ :

experimentation”. o . .

He continuee: ’ . : . _ ’ .

"...such thinking ie often resistent to stteck. It is esteblished in ' . o
childhod, becomes well entrenched by sdolescence and our teaching . . ' .
often does not eredicete it." .

. n‘.'. problem, then, ie widespread. The .inplicotion} of the reseerch
- reporfed in this peper for working towards a solution of this problem derive AN \ ) :

from the model of conceptuel chenge. A teecher needs to know tiu initiel T . : 3 I
’ . . . "l 3 * ’ - -
.conccptiolahtho l&¥ontl he or she is teaching, particulerly thosd which : : _ : O

\‘l ) . ‘ ) ’ ' ’ 8 7 ) . . T. . x"".,_.u'.‘
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Posner ¢t al (1979) used the terms assimilation anc;' accomnodation for
conceptual capture and conceptual exchange reepectively. They ncknowledg.gd
that theve are Piaget's terme, but indicated that in ueing them they
intended no commitwent {n his theories. I have introduced t-he terms
conceptual capture and conceptual exchange firstly to eliminate -\11
confueion on this count and o.condly.bocnuu current dictionary usage

)
places them closer to their intended weaning. ,

A complete presentation of the problems is given in the Appendix -

conteined in Posner ¢t al (l979)f\ :
! i

A less dotailed analysis of SL's initial conceptions ee reflected in the

first intat\;ipv ie contained in Posner et el (1979).

&
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